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[ ) $\phi_{:}(r, z, t),p_{i}(r, z, t),$ $\rho_{i}(r, z, t)$
$i=0\ldots 3$
1 $r=R_{1}$ ( $z$ ,t)( ) 1
2 $r=R_{2}$ ( $z$ , t)( ) 2 $r=R_{3}$ ( $z$ , t)(





$\phi_{i}=V_{\dot{l}}z$ $(i=1,2)$ , $\phi_{i}=0$ $(i=0,3)$ (1)
$R_{i}=R_{i0}$ $(i=1,2,3)$ R
$p_{3}=0$ , $p_{2}= \frac{\sigma_{23}}{R_{30}}$ $p_{1}= \frac{\sigma_{23}}{R_{30}}\neq\frac{\sigma_{1_{\mathrm{A}}^{\circ}}}{R_{20}}$, $p_{0}= \frac{\sigma_{23}}{R_{30}}+\frac{\sigma_{12}}{R_{20}}+\frac{\sigma_{01}}{R_{10}}$ $(_{\backslash }2)$
$z$
$R_{i}(z, t)=R_{i0}+\eta_{i}\exp(i\omega t-ikz))$ (3)
$\Delta\phi_{i}=0$ $(i=0\ldots 3)$ (4)
$rarrow \mathrm{O}$ r\rightarrow \propto
$\phi_{3}(r, z, t)$ $=$. $A_{3}I\mathrm{f}\mathrm{o}(kr)\mathrm{e}\mathrm{x}_{\mathrm{t}}\mathrm{p}i(kz-\omega t)$ (5)
$\phi_{2}(r, z,t)$ $=$ $V_{2}z+(A_{2}K_{0}(kr)+B_{2}I_{0}(kr))\exp i(kz-\omega t)$ (6)
$\phi_{1}(r, z,t)$ $=$ $V_{1}^{-}z+(A_{1}IC_{0}(kr)+B_{1}I_{0}(kr))\exp i(kz-\omega t)$ (7)
$\phi \mathrm{o}(r, z, t)$ $=$ $B_{0}I_{0}(kr)\exp i(kz-\omega t)$ . (8)




$\frac{\partial\phi_{i}}{\partial z}\frac{\partial R_{i}}{\partial z}=i\partial\phi\partial r$ at $r=R_{i}(z,t\grave{)}$ $i=1,2,3$ (.9)
\Delta
p: $=$ $\sigma:-1,i(-\frac{7z\partial^{2}K\tau}{(1+(^{\partial}\neq_{z})^{2})^{(3/2)}}.+.\frac{1}{R\sqrt{1+(^{\epsilon_{\partial z}}-\mathrm{A}_{\mathrm{i}})^{2}}})$
at r=I (z, $t$ ) $:=1,2,3$ (10)
$p:=- \frac{\rho}{2}.\cdot|\nabla\phi:|^{2}-\rho:\frac{\partial\phi}{\partial t}.\cdot$ (11)
(9) (10) (5)(6) $(7)(8)$ (3) $B_{0,}.A_{1}.B_{1}$ ,
$A_{2},B_{2},A_{3},\eta_{1},$ $\eta_{2},\eta_{3}$ 9
$C$( $B_{0},$ $A_{1},$ $B_{1},$ $A_{2},$ $B_{2},$ $A_{3},$ $\eta_{1}$ , , )T $=0$ (12)
$C$ 0
$C_{11}=C_{22}=-kK_{1}(kR_{30})$ , $C_{17}=C_{69}=$ , $C_{23}=kI_{1}(kR_{30})$ ,
$C_{27}=C_{38}=i(.\omega-V_{2}k)$ , $C_{32}=C_{44}=-kK_{1}(kR_{20})$ , $C_{33}=C_{45}=-kI_{1}(kR\underline,0)$
$C_{47}=i(\omega-V_{1}k)$ , $C_{54}=-kK_{1}(kR_{10})$ , $C_{55}=C_{66}=kI_{1}(kR_{10})$ ,
$C_{59}=i(\omega-\mathrm{r}_{1}^{r}.k)$ , $C_{71}=-\dot{i}\rho_{3}K_{0}(R_{30})\omega$ , $C_{\acute{7}2}=i\rho_{2}K_{0}(R_{30})(\omega-V_{\sim},k)$,
$C_{73}=\dot{r,}\rho_{2}I_{0}(Rs\mathrm{o})(\omega-V_{2}k)$ , $C_{8_{\vee}^{\circ}}=-i\rho_{2}K_{0}(R_{20})(\omega-V_{2}k)$ , $C_{83}=-i\rho_{2}I_{0}(R_{20})(\omega-V_{2}k.)$ .
$C_{84}=-i\rho_{1}K_{0}(R_{20})(\omega-V_{1}k)$ , $C\mathrm{s}\mathrm{s}=-i\rho_{1}I_{0}(R_{20})(\omega-V_{1}k)$ ,
$C_{94}=-i\rho_{1}I\mathrm{f}_{0}(Rl.0)(\omega-V_{1}k)$ , $C_{96}=-i\rho_{1}I_{0}(R_{10})(\omega-V_{1}k)$ , $C\mathrm{o}\mathrm{s}=i\rho_{0}I_{0}(R_{10})\omega$ ,
$C_{77}=- \sigma_{23}(k^{2}-\frac{1}{R_{30}^{2}})$ , $C_{88}=- \sigma_{12}(k^{2}-\frac{1}{R_{20}^{2}})$ , $C_{99}=- \sigma_{01}(k^{2}-\frac{1}{R_{10}^{2}})$
$C$ 0
$\det C=f(\omega, k;R_{10}, R_{20}, R_{30,01}\sigma,\sigma_{12},\sigma_{23},\rho 0,\rho_{1},\rho_{2},\rho_{3}, V_{1}, V_{2})=0$ (13)
$\omega$ 6
$k$ $\omega$ $\omega=\omega(k)$
&(\mbox{\boldmath $\omega$}(k))/k ${\rm Im}(\omega(k))$
$\omega(k)$ $\eta:/\eta_{j}$
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$R_{20}=1,$ $b_{10}=b_{20}=0.2,$ $\sigma_{01}=\sigma_{12}=\sigma_{23}---1,$ $\rho_{2}=\rho_{1}=1$
refer.ence state 2
$b_{10}=R_{20}-R_{10}$ , $b_{20}=R_{30}-R_{20}$ $\mathrm{i}$
2 $\omega$ $k$ Im(\mbox{\boldmath $\omega$}) ${\rm Re}(\omega)$
3 $k$ (
$\omega_{1},\omega_{2},\omega_{3}$ ) $\omega_{i}$ $\omega=0$ k=k,
k=ki $k$
$\omega_{1}$ $\omega_{2},$ $\omega_{3}$. 10
$\omega_{1}$ $karrow \mathrm{O}$
$\omega_{2},\omega_{3}$ 0 $\omega_{1}$ 0
k,
ki $\omega=0$ $C$









$\eta_{2}$ 2 reference state $k$
$k\sim \mathrm{O}$
$\omega_{1}$
$\eta 1,\mathit{7}|2,$ $\eta \mathrm{s}$
1 $\omega_{2}$ 2
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$k$ $k_{\dot{\alpha}}$ $k\sim \mathrm{O}$
$\omega_{2}$ k=k














5-c $\sigma_{12}/\sigma_{01}$ $\sigma_{12}/\sigma_{01}arrow 0$ 1





( ) [$6^{1}\rfloor$ f7] [8]
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$r$ $R_{1}(z, t)$ $R_{2}(_{\backslash }z_{\backslash }t)$
$R_{2}(z,t)$ $R_{3}(z,t)$
$\int_{R_{i}}^{R}\cdot.+1\frac{\partial}{\partial r}(rv_{r}^{(\dot{l})})dr+\int_{R-}^{R}\cdot.+1\frac{\partial v_{z}^{(i)}}{\partial z}rdr=0$ (15)
$I_{R}^{R_{\mathrm{i}\star 1}} \dot{.}\frac{\partial v_{z}^{(i)}}{\partial t}rdr+\int_{R_{i}}^{R}\cdot.+1\frac{\partial v_{z}^{(i)2}}{\partial z}rdr+\int_{R}^{R_{+1}}.\frac{\partial}{\partial r}(rv_{z}^{(1)}.v_{r}^{(i)})dr=-\int_{R\mathrm{a}}^{R_{j+1}}\frac{1}{\rho_{i}}\ovalbox{\tt\small REJECT}^{i)}dr$ (.16)
$\int_{R}^{\alpha_{+1}}.\frac{\partial v_{r}^{(\dot{l})}}{\partial t}rdr+\int_{R}^{R\mathrm{s}+1}\dot{.}\frac{\partial}{\partial \mathrm{r}}(rv_{r}^{(1)2}.)dr+\int_{R}^{R_{+1}}$
.
$\cdot\frac{\partial}{\partial z}(v_{z}^{(\dot{l})}v_{r}^{(\cdot)}.)rdr=-\int_{h}^{R+1}\frac{1}{\rho}.\cdot\frac{\partial p^{(\dot{l})}}{\partial r}rdr$ (17)
. $v_{z}$ $r$ ( )
$v^{(\dot{l})},.(r, z, t)=v_{z}^{(\dot{l})}(z,t)$
. $v_{r}^{(\dot{l})},p_{i}$ $r$
$v_{r}^{()} \dot’(r, z, t)=..\frac{v_{r}^{(1)}(R_{+1})+v_{r}^{(\dot{l})}(R_{+1}\dot{)}}{2}.+\frac{v_{r}^{(i)}(R_{i+1})-v_{r}^{(1)}(R_{t})}{R_{i+1}-R_{1}}.\cdot(r-\cdot\frac{R_{+1}+R_{i}}{2})$
$p^{(:)}(r, \approx, t)=\frac{p^{(i)}(R_{t\neq 1})+p^{(i)}(R_{+1})}{2}.+\cdot\frac{p^{(\dot{\mathrm{s}})}(R_{+1})-p^{(1)}(R)}{R_{+1}-R_{i}}.\cdot.(_{\backslash }r-\cdot\frac{R_{+1}+R}{2}.\cdot)$
1
2




$p^{(2)}(R_{2})’=P- \frac{\Delta p_{2}}{2}$ ,
$p^{(1)}(R_{2})=P+ \frac{\Delta p_{2}}{2}$ $(19\grave{)}$





$\overline{v_{z}}^{(i\rangle}(z, t)$ $=$ $v_{7,}^{(i)}(z, t)$ (22)
$\overline{v_{r}}^{(i)}(z, t)$ $=$ $\frac{(v_{r}^{(i)}(R_{\dot{\iota}+1})+v_{r}^{(i)}(R_{i}))}{2}+\frac{1}{6}\frac{R_{i+1}-R_{i}}{R_{i+1}+R_{i}}(v_{r}^{(i)}(R_{i+1})-v_{r}^{(\dot{|})}(R_{i}))$ (23)




$v^{(1)}z’ v^{(1)}z’\overline{v^{(1)}r},\overline{v^{(_{\sim}^{i})}r.},$ $\Delta v^{(1)}r’\Delta v^{(2)}r’ F_{\mathrm{t}}1,$
$\underline{|},,2,$
$R_{3}\mathrm{D}$




$+.$ ), $v_{\approx}^{(2)}(z.t)$ ,
$\mathrm{I}J_{r}(\overline{(1)}z, t),$ $\overline{v_{r}^{(}.}(z, t)|2),$ $\Delta v^{(1)},,.(z, t),\Delta v_{r}^{(2)}(z, t),R_{1}(z, t),R_{2}(z, t),R_{3}(z, t),P(z, t)’$.
$k$
$R_{i}(z, t)=R_{i0}+\eta_{i}.\exp i(\omega t-kz)$, (25)
$v_{z}^{(i)}(z, t)=A_{z}^{(1)}.\exp i(\omega t-kz)$ , $\overline{v_{r}^{(i)}}(z,$ $t1,=A_{f}^{(i)}\exp i(\omega t-kz),$ (26)
$\Delta v_{r}^{(i)}(z, t)=A_{\Delta v}^{(i)}\exp i(\omega t-kz)$ (27)
$P(z, t)= \frac{\sigma_{23}}{R_{3\mathit{0}}}+\frac{1}{2}\frac{\sigma_{12}}{R_{20}}+A_{P}\exp i(\omega t-kz)$ (28)
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$\eta_{\ovalbox{\tt\small REJECT}},AS^{)},$ $A\ovalbox{\tt\small REJECT}$), $A\ovalbox{\tt\small REJECT},$ $A_{P}$
0
d A $=f$($\omega,$ $k;R_{10},$ $R_{20},$ $R_{30},$ $\sigma_{01},$ $\sigma_{12},$ $\sigma_{23},$ $\rho_{1}$ , , $V_{1},$ $V_{2}$ ) $=0$ (29)
. $\omega$ 6 $\omega$







7: : $(\mathrm{a})\mathrm{r}\mathrm{e}\mathrm{f}\mathrm{e}\mathrm{r}\mathrm{e}\mathrm{n}\mathrm{c}\mathrm{e}$ state (
$\text{ }$ 1 ) (b) O.ml
7 (
) ( ) $k$











$k\sim \mathrm{O}$ k\sim k:
2
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